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Rationale & Objective

From the charging infrastructure standpoint, to electrify road trips in CA:

1) How manycharging stations (or plugs/connectors) do we need?
2) Wheredo we need those charging stations?
3) What is the impact of charging load the electric gric®

To answer those questions, a new charging infrastructure simulation toeP{@\RoadTrip)
has been developed:

EViIPro RoadTrip EViPro

¢ Focused on shoidistance travels.

¢ Focused on longistance (100+ miles/day) travels
¢ Based on destination charging (charge when sto

¢ Based on waypoint charging (stop to charge).

Scope

CAbound/originated road trips Domestic (interstate) & international
DC fast charging (DCFC) Personal lightduty BEVs (battery electric vehicles)
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EViPro RoadTrip: Overall Structure & Spaflemporal Resolution

| Road Trip BEV Energy Use an Station Design Capacity Analvsis
# Volume and Pattern Charging Simulation (Siting and Sizing) pacity y
il : - Refueling o
L Transportation - Infrastructure o
-- Spatial resolution (default: longitude & latitude) ------ -- Temporal resolution (default: 1 minute)----------------

@® Coords. (origin, destination, trip simulation, etc.) @® Seconds (trip simulation, vehicular energy use, etc.)

® 30m x30m (land use type, etc.) ® Minutes (charging time, detour to charging stations, etc;)
© TAZ (traffic analysis zone, capacity analysis, etc.) © Hours (intra-state road trip duration, etc.)
© County (county-level aggregation) © Days (crosscountry road trip duration, etc.)
©® State (state-wide total number of stations, etc.) © Years (infrastructure buildout, BEV adoption, etc.)
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Volume & Pattern of Electrified Road Trips

TAZby-TAZ road trip activity: Caltrans (CA DOT) CST(MQ) Countylevel characterization A
/1 StSOUNRTFAOFIGAZ2Y LINRB2SOUGA 2 Y & oelectdidd rod ifs (MEhiBions) pérdla8 i& 2030 S
forecasts by 2030 (Low: 1.5M BEVs; Aggressive: 3.1M BEVs) SnDE® Ry

Non-CA electrification projections: EIA and IEA forecasts
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Trip, Vehicle Energy Use, and Charging Simulation

Three BEV types: SR (short range) Car, LR (long range) Car, and SUV.
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Detailed energy use and charging simulation for each road trip sample.
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SUV (e.g., Electrified Toyota Highlander)

Each dot/circle
represents each trip.
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Battery SOC (statef-charge)

0-- 2020 SR-Car—e— 2020 LR-Car - o- 2020 SUV
g-- 2025 SR-Car—=— 2025 LR-Car - 0= 2025 SUV
A-- 2030 SR-Car—-— 2030 LR-Car - A= 2030 SUV

350 A-A'A'A—A-A.&'A‘A-A-&-A—A
ATT A \

300 A& == =77
5250
S
S 200 o
2 A A ADBBBAN A A AN
ngO .G 0-09'®0-0 g
6 g-g-8-a-8- 88 g g

100 S

50 0-0-0-0-0-0-0-0-0

0 gt..‘
0% 20% 40% 60% 80% 100%
SOC



DCFC Station Siting & Sizing

Locate stations in commercial areas & other preferred sites Station sizing is based on statibg-station load profiles

/] 9/ O2ftf SOGSR adldAz2y RS@S et plugslddeisimil@nedudldhadiily évant:
candidatesites. The number of plugs per station is capped at 10.
Leveraged national land use data (NLUD, in 30m x 30m),

as well agzoordinate data of 6,000 gas stations In. CA Individual Charging Load Profiles for a DCFC Station (ID: 235)

Station siting example Simulated DCFC Station Locations

Station ID: 793 by Land Use Type
Coord:-122.872, 38.626

TAZ ID: 542
Charging events/day: 10
Plugs2

Landusetype: commerciad
Healdsburg, CA
Sonoma county
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Results: Stations and Plugs/Connectors

Required Number of DCFC Plugs for Electrified Road Trips,,
(Lower bound: 100% plug utilization rate
Upper bound: 25% plug utilization rate)
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TAZby-TAZ net deficit of DCFC
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Results: Load Profiles

Network-wide total charging load reaches around 90 MW in peak hours in 2030 for Aggressive BEV adoption scenari
MW for Low scenario).
Notable difference of load shapes between aitstate inbound LDTs and the other types of LDTs (e.g.;stdta).

Total Charging Load (MW) Total Charging Load by BEV Type Total Charging Load by LDT Type
by Year and BEV Adoption Scenario (Aggressive BEV adoption; 2030) (Aggressive BEV adoption; 2030)
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Sensitivity Analysis: Charging Behavior & Technology

Charging behaviorelated to plugout SOC: Charging technology{speed, power, etc.) is still evolving.
- TPM: Timgoenalty minimization (plug out at around 85% of SOC) What if Tesla V3ike kWLSOC curves are used?
- ATO: Alwaytop off (plug out at 99% of SOC)

DC Fast Charging Power (kW) as a Function of DC Fast Charging Power (kW) as a Function of
Battery SOC (statef-charge):Baseline (Spreaaut) Battery SOC (statef-charge):Tesla Vdike
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Impact of Charging Behavior & Technology

Charging behavio(TPM vs. ATO): Charging technologyfkW-SOC curves):
- Significant impact on load profiles and plug counts. - Lessthan-significant impact on load profiles or plug counts.
- Plug composition (power rating) is mostly the same. - Drastic difference in terms of plug composition (power rating).
Total Charging Load (MW) for Total Charging Load (MW) for

3 Different Charging Behaviors (ATO vs. TPM) g Different kW-SOC Curves
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Results: Capacity AnalystsSCE (Southern California Edison) Case St

EViPro RoadTrip

Required capacity by TAZ

TAZby-TAZ capacity deficit;
ranges from 0 to 20 MW.

Data guality of hosting

capacity is to be improved

Available hosting capacity by TAZ

|—> Net capacity deficit by TAZJ
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Net capacity deficit (MW)
B <-2,000
[ -2,000¢ -1,000

May require
grid upgrade

Simulated location
of charging station
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Policy Implications (informed by CEC Staff)

1. Needreal world highresolution data.
Model usefulness depends on high quality ingata thatcapturerealworld travel/drivingbehavior
and charging sessiarharacteristics.

2. Enhance grid integration at all levels.
DCF@oading(for electrified road trips) athe systemlevelmay align with solapower generation
Initial capacity analyses suggest tleéctrified roadtrips alonemight beaccommodated. However,
when accounting for integrated electrical load (rdaighs, short distance travels, buildings, etc.), California
should encourage efforts tmanage network ovebuildd & (i dzNJy 2 @S NProattiely Mikigatd grid |

Impacts

3. Plan for RoadTrip stations as part of a holistic expansion of the network.
Technologymprovementsmoderate the growth in the number of statioasd plugs needed to serve
more BEVs in 2030, compared to 2025, highlighting the importantgwe proofing equipment and
maximizing BEYIug interoperability today
Integratingthe RoadTrip analysis with ENto 2 caroptimize the network of stations
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Limitations & Future Work

a+mE -Prd Roadfrlp (anodel is a model).
Need more realistic and rigorous methods and data for better characterization of driéntharging
Longdistance travels (or road trips): Traditionally unde@esearched area in transportation field.

Future work(not exhaustive):

Consider infrastructure catilization by entire LDV fleet (shedistance travels, TNC, etc.).

Internalize existing charging infrastructure in the overall station network design.

More integrated and advanced analysis (decigwaking) of driving (drivers) and charging (infrastructure).
Account for dynamic aspects of the refueling network (e.g., coordinated charging, station congestion).
More realistic method for DCFC station siting and sizing (e.g., by reaching out to relevant stakeholders).
Stochastic approach for key parameters (e.g., heterogeneity of charging behavior).

Statewide capacity analysis (beyond the SCE area).

O 0 0 0000
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Thank You

D-Y Leedongyeon.lee@nrel.qov
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Road Trip Electrification Projections

Roadtrip electrification is based on general ligthity vehicle electrification projections (BEV adoption).
- California: 10% by 2030 (based on fheecasts made by 9 /Efegy Assessments Division

- Non-CAstates:2.5%by 2030 (based on EIA AEGee next slide)
- Mexico: 0.05% by 2030 (based on IEA projections)

BEV adoption scenarios:

- Baseline/aggressive (3.1M BEVs by 2030): Busasessial

- Low (1.5M BEVs by 2030): Potentiiermath (e.g., slower electrification) of the ongoing pandemic (CQ9)D

Daily travel volume of road

Baseline (Aggressive) BEV Adoptio

=)

Low BEV Adoption

trips in California

Intra-state External Total Intra-state External Tota

020 CSTDM (All) 215,15 344,05¢ 559,20¢ 215,15 344,05¢ 559,20¢
RoadTrip (Electrified) 4,226 3,762 7,986 4,226 3,762 7,986

2025 CSTDM (All) 211,68¢ 363,00 574,68¢ 211,68¢ 363,00 574,68¢
RoadTrip (Electrified) 12,337 11,81( 24,147 7,205 7,514 14,71¢

2030 CSTDM (All) 210,844 372,85¢ 583,70( 210,844 372,85¢ 583,70(
RoadTrip (Electrified) 20,42°¢ 20,323 40,74¢ 10,212 11,503 21,71°
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BEV Adoption in NoiCA States

BEV Share in U.S. Car Stock

EIA AEO 2020 projection;4®26 of total LDVlight-duty vehicle)stockin the U.S. will be BEVs by 2030.
The range reflects 23 different scenarios EIA evaluated.
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TAZs (Traffic Analysis Zones) & Gateways in CSTDM

5,454 internal TAZs
- Used for shordistance (SHT)
and longdistance (LNG) travel volume

. 53 external TAZs (gateways)
- 3 ports (Port of Oakland, POLA, & POLB)

- 50 roadways crossing CA boundary
- Used for external (EXT) travel volume

San Francisco o
CSTDM TAZ Area Distribution

(80% TAZs < 5 square miles)
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